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(54) Process for coating stents 

(57) A process is provided for coating stents 

having a first and second surface with passages there 
between to avoid blockage and bridging of the passages. 
The process comprises contacting the stent with a 
liquid coating solution containing a film forming 



biocompatible polymer under conditions suitable to 
allow the film forming biocompatible polymer to coat at 
least one surface of the stent while maintaining a 
fluid flow through said passages sufficient prevent the 
film forming biocompatible polymer from substantaly 
blocking said passages. Also described are stents 
coated by this process. 
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Description EP 0 970 711 *2 

Field of t he Invention 

which\ ^S^'Zi™^*'*^ tr iCati ° n N °- 60 ' 91 ' 217 fi,ed ^ 30, 1998 
devices, "ore specific,, toisinvLtio^ surgical 

Background of foe inw>ntin n 

^orient in medical 

anaplasty to restore an adequate blood flow to ft heart Z^eZ? ^T 6,n ^ menia]p '^ e(iu ^ s ^^ 
ttiat result in thrombosis or restenosis To avoid these ' Sients „ ma ? st,mula te foreign body reactions 

have been proposed in the literature both to reduced incSSo? mL? f C ° atin9S and '^positions 
restore tissue function by Mr or by delivering compound l^X**" " "* C ° mP,iCati ° nS a " d 
Inda'pbarma^hlrtera^ — w*h polymer or poty.er 

open construction fabricated from wires (Wttor stent ) of from SZSZT"? Stent designs that were * 

coabng weights (about 4% polymer) could wweS J^h i°^ rMX D ' P COatirig **• relative| y '™ 

bndgmg (i.e. forming a film across the ope smcJ teta i w " ts , wrthoiJ ' an V P^blems such as excess coating 
particular concern when coating more modern m "f "f^ 3 ' memberS of ,he device - ™s bridging is of 

Crown, Muftilink or GFX stents B^g^^^^.^Z^TT'- ^ 35 the p *™***«*. 
mechamcal performance of the stent such as expansio ^ durinf den lolpnt ' * Can interfere the 

concentration coatings (-15% polymer with additional rimn\ T i , ^ hlgn levels of coatin 9 and drug. High 
Multiple dip-coating has been L^TtoXrZ St^T" V ChieVe hign drug '° ading - 

composition and phase dispersion of the pharmaceub^l aaenh afflr^t w^, C03t,ngS ° n the stent Howeve ^ 
of multiple dip coats from low concentration solutions otte ^ IT, ? n 3ddition ' the a PP |icati °n 

an equd.br.um is reached between the solution conception ™h ,l! ^I""? 3 limit,ng loadin 9 « 
Pharmaceutical agent, deposited on the stent C0ncentratl0n and ^ amount of coating, with or without 



Summary of the Invention 
[0005] 



SSI ^^^^o^^^^ £? aVOidS bddging and **• * Preferential coating 
between with a liquid coating solution con^n » 9 film ent hav ' n 9 a first and second surface with passages there 
allow the film forming biocompaSe po^me™ 9 coat aHeT oneTf*' 6 ^ Under conditions »tal2 to 
flow through said passages sufficient to prevert the film fiL L ™1 ^ stent , wnile maintaining a fluid 
. said passages. v 111 lne ™ m form mg biocompatible polymer from substantially blocking 

Saving'?^ process would comprise placing a tubular- 

mandrel with a liquid coating solution conTamino a film tof™™ T °\l m3ndrel and exacting the stent and 
allow the- film form.ng biocompatibie po je , 0 c 5aT STeas, Sn^Zf* 5 f ?T et ^ COnditions surtable to 
relative to the mandrel to ' cause fluid I flow thmnnh h Urf3Ce ° f tne stent while moving the stent 

a°c°^ P assages sufficient to prevent the fi?m forming 

in. ^^J^t^^^^ZZ Pr0Vided 3 COa,ad compnsing a tubular 
polymer wherein the polymer coating is greater than 0 i i oe^nt h! "k, C °!l ed • wrth a "'ming biocompatible - 
not substantially blocked by the bridging of the polymer coa'ting * ^ °' ^ St6nt and ,he P assa 9<* are 

BiielQescrj ption of the F iq"r c ? 

[0008] Figure 1 illustrates a perspective view of a stent prior to coating 

0010 % e re 2 * "KKt^rT!: the placement of astent ° n 3 mandrei p- to •»-* 

coating bath du'ring the ^SS^pSiT^ ^ l ° mMdr- h the aftef -mova? from the 

SSng of thetenttlots" passagt"" ^ 3 POrti ° n ° f "» C ° 3ted Stenl ,hat the substantial absence of . 

[0012] Figure 5 is a pictomicrograph that illustrates a stent that has been coated by conventional dip coating 
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Drocess with about a 4 weight percent coating solution. 

.[oS Figure 6 is a pictomicrograph that illustrate a stent that has been coated by the .nvenbve coatng 
process with about a 13 weight percent coating solution. 

[0014] Figure 7 is a graphical illustration of the in vitro release profile of a coated stent. 
[001 5] Figure 8 is a graphical illustration of the in vivo release profile of a coated stent. 

Detailed Description 

[0016] The present invention provides a process for coating medical devices. The process described herein is 
wel suited to coating medical devices that have passages that may etherise be blocked or have ^ges f orm e d 
Z -conventional dip coating. As previously discussed avoiding the formation of bridges ,s especially importan t in 
Se coaZJ o perforated structures such as stents. Bridging is a significant problem with stents with Parages 
!Sh a minor diE less than about 125 mils, especially with passages having a minor dimension smaller than 

raoTri 50 m " Stents are generally cylindrical and perforated with passages that are slots, ovoid, circular or the like 
nape Stent? may al o bTcompUd of helically wound or serpentine wire structures in which the spaces MWM>r .the 

jspi seta AWMttw 

carbonate, e-caprolactone, etc. and blends thereof). : „„ rf „ r=tQ H mo Hirai 

100181 The present invention utilizes fluid flow or movement through the passages in the perforated medical 
Ece to avoid the formation of blockages or bndges. The fluid flow can be provided by active flow systems^ as 
fperforated manifoW inserted in the stent to circulate the coating fluid through the passages or can be created by 
pladng t e stent on a mandrel or in a sma.l tube that is moved relative to the sten ^ng me ~ati ng process to 
^sufficient fluid flow through the passages and thereby avoid the formation °f blockage " ™8J 
[001 9] in one embodiment of the present invention as illustrated in Figure 2, a s tent : 2 is ^placed over a mandrel 
6 that is smaller than the inner diameter d of the stent's intraluminal passage way 12 and dipped into the coating 
L uSn The coated stent is moved relative to the mandrel after it is removed from the coatng solution (P'eferaUy m 

wf bxz^^ £ ESSE 

ESS cross-sections that are ovoid, triangular or polygonal and would include shafts with veins or paddles f 
Additionally, the movement of the mandrel relative to the stent may not only be anally but rru y al consist or 
rotational movement. Object of the mandrel design being to assure sufficient shear flow relative to the passages 
insure that the passages do not be come blocked. »i«.„k,w« „r nm 

. 0021] Fiim-forhiing polymers that can be used for coatings in this application can be absorbable or non- 
bsolble anTmust be biocompatible to minimce irritation to the vessel waif .T*P**» may be «the b,os«ab, 

KtfSKnment that could dislodge the coating and introduce further problems even after the stent is 
po1 2 r at 1iSm.forming bioabsorbable polymers that could be used include polymers selected from t[ ,e group 

festers include homopolymers and copolymers of lactide (which , includes lactic acd d-,1- and meso 
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!Shte P c r ^ hydroxybutyrate, hydroxyvalerate, para-oloxanone 

• m«V SmV s t'H^tSE" mfL ^P^^ ^ tar '- ^°SSr oZ 

diacids of the form HOOC ^£Sft? H cSh^''^ by reference herein). Polyan hydrides from 
copo,ymers thereof with alipha diad5 of UD ^12 oaZnf p",*' ° f fr0m 2 t0 8 and 

polyoxaesters containing amines and/or amXaLr^ a ™ dlZl J 8 P 01 * 0 * 36 ^ Polyoxaamides and 

464,929; 5.595,751; 5 597 579 5 607 687 1 561 ?«^15S2S? 0 "„ m °/1 ° f the followin 9 U S - Paten « N°S- 5, 

polyvinyl pyrrolidine and po^esterV could akc bJ i ' ™ 9 ? SUCh 38 th0Se fornned frorn crosslinked 
dissolved, cured or polymerized on the s en Th£« inVlJ T f°J ymerS . C ° Uld also be used * the V «» be 
copolymers; acrylic polymer^n^ poJyrsobutylene and ethylene-alphaolefm 

polyvinyl chloride; polyvinyl ethers such a • IfZ^Tw ' ha '' de P ° lymers and c °P°iymers, such as 

fluoride and po^ene cSe; poya^ ""*„" po ^ ida "e 

polyvinyl esters such as polwinvl acetate- rnnTnLJ T V \ * etoneS ' P ol Winyl aromatics such as polystyrene; 
etheyiene- methyl methacS co po ym<£ SotiMesL^t SZ™** 0ther and olefins - ™* * 

copolymers; polyamides.such J nZ^-^SS^^^^ ABS ?™l a " d acetate ' 

polyimides; polyethers; epoxy resins mllrX^ S M r f"s; polycarbonates; polyoxymethylenes; 
cellulose acetate butyrate ce Shane 5£ 'n2 ' ^n-tnacatate. cellulose, cellulose acetate, 
carboxymethyl cellulose and hydoxyalkyl cellulost and ™LJ n ^ propionate; cellulose ethers (i.e. 
application would a,so include P^mS of£^ * this 

preferably an integer in from 6 to 13" x is an in^rw Z IhJ \ an ^ M (^VNH-CO-fCH^-CO, wherein n is 
ran Q eoffrom4to 9 16^ 6 ,o 12; and y is an integer in the 

to no be IZ'T^TteoolZTr* * f^™ 9 POlymerS ** have moleculaf weight high enough as 
deposition onTestenSo be aKb l£SJ% k * St6nt 3nd nt>t be 80 readi, V deformable after ' 

enough to provide sufficfent wl^X^^ift^hSj S?T" m ° lecular wei S nt be high 

of the stent and must not crack during expansion of ^^7"^ f f dU " ng handllng or deployment 

invention should have a melting tem^ra^e ahovp In-r 2) k! "f" 9 P ,°' nt ° f the polymer used in the P^ent 
and most preferably above 55'C. temperatUre above 40 C > Preferably above about 45"C, more preferably above 50°C 

^'p^'S^l^^J^ ^fT T bioabsorbabl e ^tomers. more preferably 
45 present the advantage ?haf hey tend to adhe'r weTto the'mota. "tT" C ° po ^' s are Elastomers 
45 without cracking; The high elongation and aoo ad^ei on ll£ I? Can W ' thstand significant Reformation 

the coated stent is expanded Examples of surtabt hloThSw T1°' performance to other P°ly™* coatings when 
•253 hereby incorporated by Snce Preferablv m hi™ h elas,0 / ners »™ Ascribed in U.S. Patent No. 5,468. 
polyester, including but not lS to ttose selicL ^ t h blocom P aible elastomers based on aliphatic 
ofs-caprolactoneandglycolideT^ gr0U , p t cons,stln 9 ° f elastomeric copolymers 

about 65:35. more prefLoly 4£ V55 to 35 6 T J^tl l of , E - ca P rol f ' one to glycolide of from about 35:65 to 
lactide, D-lactide blends thereof or lactic acid conoid r ^Tf 8 ° f E - ca P rolactone and lactide. including L- 
of from about 35 65 to about 90 MO Tn^tl ? V k P refefa bly having a mole ratio of e-caprolactone to lactide 
about 45:55 to 3070 or from about 9 1 Ttc abou ffi I'TJ^ 35 ' 65 !° about f 65:35 and ™»« P^erably from 
and lactide including L-lactide D lactide and factic add ?ll n COpo| y mers of Mioxanone (1,4-dioxan-2-one) 
from about 40:60 to abouf 60 40) Smlric m ^! f"" 19 a , m °' e !3 *° ° f P- dioxa none to lactide o 

ratio of E ,caprolactone to Soxanonl 0 SZJ^o L"Z?7r^ and p-dioxanone (preferably having a mole 

trimeth,ene caibonate to glycoWe of from aboS^^^^^ 



EP 0 970 711 A2 

carbonate and lactide including L-lactide, D-iactide, blends thereof or lactic acid copolymers (preferably having a 
mole ratio of trimethylene carbonate to lactide of from about 30:70 to about 70:30) and blends thereof. As is well 
known in the art these aliphatic polyester copolymers have different, hydrolysis rates, therefore, the choice of 
elastomer may in part be based on the requirements for the coatings adsorption. For example e-caprolactone-co- 
glycolide copolymer (45:55 mole percent, respectively) films lose 90% of their initial strength after 2 weeks in 
5 simulated physiological buffer whereas the e-caprolactone-co-lactide copolymers (40:60 mole percent, respectively) 
loses all of its strength between' 12 and 16 weeks in the same buffer. Mixtures of the fast hydrolyzing and slow 
hydrolyzing polymers can be used to adjust the time of strength retention. 

[0026] The preferred bioabsorbable elastomeric polymers should have an inherent viscosity of from about 1.0 dUg 
to about 4 dUg, preferably an inherent viscpsity of from about 1.0 dUg to about 2 dUg and most preferably an 
10 inherent viscosity of from about 1.2 dl/g to about 2 dL/g as determined at 25 0 C"in a 0.1 gram per deciliter (g/dL) 
solution of polymer in hexafluoroisopropanol (HFIP). 

• [0027] The solvent is chosen such that there is the proper balance of viscosity, deposition level of the polymer, 
solubility of the pharmaceutical agent, wetting of the stent and evaporation rate of the solvent to properly coat 
the stents. In the preferred embodiment, the solvent is chosen such the pharmaceutical agent and the polymer are 
both soluble in the solvent. In some cases, the solvent must be chosen such that the coating polymer is soluble in 

15 the solvent and such that pharmaceutical agent is dispersed in the polymer solution in the solvent. In that case the 
solvent chosen must be able to suspend small particles of the pharmaceutical agent without causing them to aggregate 
or agglomerate into collections of particles that would clog the slots of the stent when applied. Although the goal 
is to dry the solvent completely from the coating during processing, it is a great advantage for the solvent to be 
non-toxic, non-carcinogenic and environmentally benign. Mixed solvent systems can also be used to control 
viscosity and evaporation rates. In all cases, the solvent must not react with or inactivate the pharmaceutical agent 

20 or react with the coating polymer. Preferred solvents include by are not limited to: acetone, N-m ethyl pyrrolidone 
(NMP), dimethyl sulfoxide (DMSO), toluene, methylene chloride, chloroform, 1,1,2-trichloroethane (TCE), various 
freons ' dioxane, ethyl acetate, tetrahydrofuran (THF), dimethyfformamide (DMF), and dimethylacetamide (DMAC). 
[0028] The film-forming biocompatible polymer coatings are generally applied to reduce local turbulence in blood 
flow through the stent, as well as, adverse tissue reactions. The coating may also be used to administer a 
pharmaceutical^ active material to the site of the stents placement Generally, the amount of polymer coating to be 
placed on the stent will vary with the polymer and the stent design and the desired effect of the coating. As a 
guideline the amount of coating may range from about 0.5 to about 20 as a percent of the total weight of the stent 
after coating and preferably will range from about 1 to about 1 5 percent. The polymer coatings may be applied in one 
or more coating steps depending on the amount of polymer to be applied. Different polymers may also be used for 
different layers in the stent coating. In fact it is highly advantageous to use a dilute first coating solution as 

30 primer to promote adhesion of a subsequent coating layers that may contain pharmaceutical^ active materials. 

[0029] Additionally, a top coating can be applied to delay release of the pharmaceutical agent, or they could be 
used as the matrix for' the delivery of a different pharmaceutical^ active material. The amount of top coatings on 
the stent may vary, but will generally be less than about 2000 ug, preferably the amount of top coating will be in 
the range of about 10 ug to about 1700 ug and most preferably in the range of from about 300 pg to about 1600 ug. 
Layering of coating of fast and slow hydrolyzing copolymers can be used to stage release of the drug or to control 

35 release of different agents placed in different layers. Polymer blends may also be*used to control the release rate 
of different agents or to provide desirable balance of coating (i.e. elasticity, toughness etc.) and drug delivery 
characteristics (release profile). Polymers with different solubilities in solvents can be used to build up 
different polymer layers that may be used to deliver different drugs or control the release profile of a drug. For 
example since e-caprolactone-co-lactide elastomers are soluble in ethyl acetate and e-caprolactone-co-glycoiide 
elastomers are not soluble in ethyl acetate. A first layer of £-caprolactone-co-glycolide elastomer containing a drug can 

40 be over coated with e-caprolactone-co-glycolide elastomer using a coating solution made with ethyl acetate as the 
solvent. Additionally, different monomer ratios within a copolymer, polymer structure or molecular weights may result 
in different solubilities. For example, 45/55 s-caprolactone-co-glycolide at room temperature is soluble in acetone 
whereas a similar, molecular weight copolymer of 35/65 K-caprolactone-co-glycolide is substantially insoluble within 
a 4 weight percent solution, the second coating (or multiple additional coatings) can be used as a top coating to 
delay the drug deliver of the drug contained in the first layer. Alternatively, the second layer could contain a 

45 different drug to "provide for sequential drug delivery. Multiple layers of different drugs could be provided by 
alternating layers of first one polymer then the other. As will be readily appreciated by those skilled in the art 
*numerous layering approaches can be used to provide the desired drug delivery. 

[0030] The coatings can be used to deliver therapeutic and pharmaceutic agents such as, but not limited to: 
antiproliferative/antimitotic agents including natural products such as vinca alkaloids (i.e. vinblastine, 

50 . vincristine, 1 and vinorelbine), paclitaxel, epidipodophyllotoxins (i.e. etoposide, teniposide), antibiotics 
(dactinomycin (actinomycin D) daunorubicin, doxorubicin and idarubicin), anthracyclines, mitoxantrone, bleomycins, 
' plicamycin (mithramycin) and mitomycin, enzymes (L-asparaginase which systemically metabolizes L-asparagine and 
deprives cells which don't have the capacity to synthesize their own asparagine); antiproliferative/antimitotic 
alkylating agents such as nitrogen mustards(mechiorethamine, cyclophosphamide and analogs, melphalan, 
chlorambucil), ethylenimines and methylmelamines (hexamethylmelamine, and thiotepa), alkyl sulfonates-busulfan, 

55 nirtosoureas (carmustine (BCNU) and analogs, streptozocin),trazenes - dacarbazinine (DTIC) ; 
antiproliferative/antimitotic antimetabolites such as folic acid analogs (methotrexate), pyrimidine analogs 
(fluorouracil, floxuridine, and cytarabine), purine analogs and related inhibitors (mercaptopurine, thioguanine, 
pentostatin and 2-chlorodeoxyadenosine{cladribine}) ; platinum coordination complexes (cisplatin, carboplatin), 
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procarbazine, hydroxyurea, mitoiane, aminoglutethimide; hormones (i.e.estroaen); Anticoagiants (heparin synthetic 
hepann salts and other Inhibitors of thrombin); fibrinolytic agents (such as tissue plasminogen' activator 
streptokinase ■ and urokinase); antiplatelet(aspirin 1 dipyridamole, tidopidine, dopidogrel abciximab) : 
antimigratory; antisecretory (breveldin); antiinflammatory: such as adrenocortical steroids (Cortisol cortisone' 
fluarocortisone, prednisone, prednisolone, 6a-methyiprednisolone, triamcinolone, betamethasone and 
dexamethasone), non-steroidal agents (salicylic acid derivatives i.e. aspirin; para-aminophenol derivatives ie 
acetominophen; Indole and indene acetic acids (indomethacin, sulindac, and etodalac), heteroaryl acetic' acids 
(tolmetin, diclofenac, and ketorolac), aryipropionic acids (ibuprofen and derivatives), anthranilic adds (mefenamic 
acid, and meciofenamic acid), enoiic acids (piroxicam, tenoxicam, phenylbutazone, and oxyphenthatrazone) 
nabumetone, gold compounds (auranofin, aurothioglucose, gold sodium thiomalate); immunosuppressive"' 
(cyciosponne, tacrolimus (FK-506), sirolimus (rapamycin), azathioprine, mycophenolate mofetll); Angiogenic 
vascular endothelial growth factor (VEGF), fibroblast growth factor (FGF); nitric oxide donors; anti-sense olqio 
nucleotides and combinations thereof. 

[0031] Coating may be formulated by mixing one or more therapeutic agents with the coating polymers in a coating 
mixture^ The therapeutic agent may be present as a liquid, a finely divided solid, or any other appropriate physical 
form. Optionally, the mixture may include one or more additives, e.g., nontoxic auxiliary substances such as 
diluents, earners, excipients, stabilizers or the like. Other suitable additives may be formulated with the polymer 
and pharmaceutically active agent or compound. For example hydrophilic polymers selected from the previously 
described lists of biocompatible film forming polymers may be added to a biocompatible hydrophobic coating to modify 
the release profile (or a hydrophobic polymer may be added to a hydrophilic coating to modify the release profile) 
One example would be adding a hydrophilic polymer selected from the group consisting of polyethylene oxide 
polyvinyl pyrrolidone, polyethylene glycol, carboxylmethyl cellulose, hydroxymethyl cellulose and combination 
thereof to an aliphatic polyester coating to modify the release profile. Appropriate relative amounts can be 
determined by monitoring the in vitro and/or in vivo release profiles for the therapeutic agents. 

[0032] The best conditions for the coating application are when the polymer and pharmaceutic agent have a 
common solvent. This provides a wet coating that is a true solution. Less desirable, yet still usable are coatings 
that contain the pharmaceutic as a solid dispersion in a solution of the polymer in solvent. Under the dispersion 
conditions, care must be taken to ensure that the particle size of the dispersed pharmaceutical powder both the 
primary powder size and its aggregates and agglomerates, is small enough not to cause an irregular coating surface 
or to clog the slots of the stent that we need to keep coating-free. In cases where a dispersion is applied to the 
stent and we want to improve the smoothness of the coating surface or ensure that all particles of the drug are 
fully encapsulated in the polymer, or in cases where we may want to slow the release rate of the drug deposited 
either from dispersion or solution, we can apply a clear (polymer only) top coat of the same polymer used to 
provide sustained release of the drug or another polymer that further restricts the diffusion of the drug out of the 
coating. The top coat can be applied by dip coating with mandrel as previously described or by spray coating (loss 
of coating dunng spray application is less problematic for the clear topcoat since the costly drug is not included) 
. Dip coating of the top coat can be problematic if the drug is more soluble in the coating solvent than the polymer 
and the clear coating redissolves previously deposited drug. The time spent in the dip bath may need to be limited 
so that the drug is not extracted out into the drug-free bath. Drying should be rapid so that the previously 
deposited drug does not completely diffuse into the topcoat. 

[0033] The amount t>f therapeutic agent will be dependent upon the particular drug employed and medical 
condition being treated. Typically, the amount of drug represents about 0.001% to about 70% more typically about 
0.001 % to about 60%, most typically about 0.001% to about 45% by weight of the coating. 

[0034] The quantity and type of polymers employed in the coating layer containing the pharmaceutic agent will 
vary depending on the release profile desired and the amount of drug employed. The product may contain blends of the 
same or different polymers having different molecular weights -to provide the desired release profile or consistency 
to a given formulation. - 

[0035] Absorbable polymers upon contact with body fluids including blood or the like, undergoes gradual 
degradation (mainly through hydrolysis) with concomitant release of the dispersed drug for a sustained or extended 
period (as compared to the release from an isotonic saline solution). Nonabsorbable and absorbable polymers may 
release dispersed drug by diffusion. This can result in prolonged delivery (over, say 1 to 2,000 hours, preferably 2 
to 800 hours) of effective amounts (say, 0.001 ug/cm 2 a-min to 100 ug/cm 2 a-min) of the drug. The dosage can be 
^tailored to the subject being treated, the severity of the affliction, the judgment of the prescribing physician, and the 

[0036] Individual formulations of drugs and polymers, may be tested in appropriate in vitro and in vivo models to 
achieve the desired drug release profiles. For example, a drug could be formulated with a polymer (or blend) coated 
on a stent and placed in an agitated or circulating fluid system (such as PBS 4% bovine albumin) Samples of the 
circulating fluid could be taken to determine the release profile (such as by HPLC). The release of a pharmaceutical 
compound from a stent coating into the interior wall of a lumen could be modeled in appropriate porcine system The 
drug release profile could then be monitored by appropriate means such as, by taking samples at specific times and 
assaying the samples for drug concentration (using HPLC to detect drug concentration). Thrombus formation can be 
modeled in animal models using the 11l a In-platelet imaging methods described by Hanson and Harker Proc Natl 
Acad. Sci. USA 85:3184-3188 (1988). Following this or similar procedures, those skilled in the art will be able to 
formulate a variety of stent coating formulations. 
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[0037] An absorbable elastomer based on 45:55 mole percent copolymer of e-caprolactone and glycolide, with an 
IV of 1.58 (0.1 g/dl in hexafluoroisopropanol[HFIP] at 25°C) was dissolved five percent (5%) by weight in' acetone 
and separately fifteen percent (15%) by weight in 1,1,2-trichloroethane. The synthesis of the elastomer is described 
in U.S. Patent 5,468,253 incorporated herein by reference. ' Gentle heating can be used to increase the dissolution 
rate. The high concentration coating could be formulated with or without pharmaceutical agent present. An initial 
primer coat of only the polymer is put on Cordis P-S 153 stent (commercially available from Cordis, a Johnson & 
Johnson Company) by dip coating in the five percent (5%) solution while the stent is placed on a 0.032inch (0.81mm) 
diameter mandrel. The mandrel, with the stent on it, is removed from the dip bath and' before the coating has a chance 
to dry the stent is moved along the length on the mandrel in one direction. This wiping motion applies high shear to 
the coating trapped between the stent and the mandrel. The high shear rate forces the coating out through the slots 
cut into the tube from which the stent is formed. This wiping action serves to force the coating out of the slots 
and keeps them clear. The "primed stent" is allowed to air dry at room temperature. The prime coat is about 100 
micrograms of coating. After 1-2 hours of air drying, the stent is remounted on a 0.0355 inch (0.9mm) clean mandrel 
and dipped into a second, concentrated coat solution. This can be drug free or can contain about six percent (6%) by 
weight drug in addition to about fifteen percent (15%) polymer by weight in the coating solution. The dip and wipe 
process is repeated. The final coated stent is air dried for 12 hours and then put in a 60°C vacuum oven (at 30 in 
Hg vacuum) for 24 hours to dry. This method provides a coated stent with about 270 micrograms of polymer and about 
180 micrograms of drug. 

Example 2 

[0038] This example describes experiments that demonstrate the ability of the dip and wipe coating approach to 
incorporate a bioactive agent in the coating and that the bioactive agent retains its biological activity. An initial 
primer coat of only the polymer described in Example 1 was placed on Cordis P-S 153 stent by dip coating in the five 
percent (5%) solution by weight while the stent is placed on a 0.032 inch (0.81mm) diameter mandrel. And primed as 
described in Example 1. The coated stent was then coated a second time with a coating solution of polymer and drug. 
The coated stent was dipped and wipe coated using the mandrel and a high concentration drug-polymer (15% polymer, 
1:100 drug: polymer, and 2000 U/ml heparin-benzalkonium chloride [HBAC]; all in 70/30 acetone/DMSO) solution by the 
method described in Example 1. The HBAC coated stents had a total coating weight of about 350 micrograms. Coated 
stents were sent to North American Science Assocites Inc. (Northwood, Ohio USA) for a standard rabbit whole blood 
clotting time assay. The assay was performed by placing the stents on the surface of the Tryptic Soy Agar (TSA) 
plate along with a negative control sample (glass tubing) and a positive control (HBAC coated glass tubing). The 15 
X 150 mm TSA plate was flooded with 35 ml of whole rabbit blood, obtained by arterial draw of a euthanized rabbit. 
The test plate was incubated in ambient room temp. For 20-40 minutes. Following the incubation period, the samples 
were removed from the thrombus formed in the plate using forceps. The test and control sections were observed 
for evidence of adherence to the thrombus formation upon removal. 

[0039] The heparinized stents were proven to be nonthrombogenic as compared with the non-heparinized controls. 
Example 3 

[0040] This example describes experiments that demonstrate the ability of the dip and wipe coating approach to 
provide coated stent with high coating loading and no bridging of the slots in the stent. A Cordis P-S 153 stent was 
taken and dip coated into a five percent (5%) solution of the elastomeric 45:55 mole percent of e-caprolactone and 
glycolide copolymer (IV= 1.58) described in Example 1. The stent was removed and allow to air dry for 1-2 hours at 
room temperature. The coating added to the stent was about 100-150 micrograms. The slots in the stent were bridged 
with dry coating film (Figure 5). A second Cordis P-S 153 was dipped and wipe coated with the coating solution 
containing fifteen percent (15%) polymer as described in Example 1. The stent was found to have slots free of 
coating and to be loaded with 300 micrograms of coating. Similar experiments were performed with the Cordis 
Crown™ stent, the Guidant RX Muitilink™ stent and the AVE GFX ™stent. The results were identical, dipping and 
wipping over a rnandril allows high concentration coatings to provide high coating build on a variety of stents without 
the adverse effect of bridging the slots. ■ 

Exa m ple 4 

[0041] This example demonstrates the differential solubility of elastomeric e-caprolactone and glycolide copolymers 
and elastomeric e-caprolactone and lactide copolymers in ethyl" acetate. 0.2 g of e-caprolactone and glycolide copolymer 
(45/55, IV=1.5, Tm ~62°C) were placed in a flat bottom glass vial along with 4 grams of ethyl acetate. These were, 
heated to about 50°C on a hot plate with stirring bar over night. The result was partial solution with clear polymer 
on the walls and a cloudy solution at 50°C but the polymer precipitated out and coated the walls of the vial when 
the temperature came back to room temperature (~25°C), Similarly, 0.2 g of e-caprolactone and lactide copolymer 
(40/60, IV=1.5, Tm - 132°C) were placed in a flat bottom glass vial with 4 g of ethyl acetate made in a manner 
similar to that described in Example 11. These were heated to about 50°C on a hot plate with stirring bar over 
night. The particles first swelled and then went into solution. On codling to room temperature the solution remained 
clear and uniform. 
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Example 5 



[0042] Multiple Dipping. 

P ~* i StSnt ! Were COated fr0m a 5% w/w 45:55 E -caproiactone and glycolide solution as described in the exam Die 1 The 
intftaJ coating resulted in - 100 micrograms of total solid on the stent The stents were dried and then coatedfrom 
a loyfe w/w 4d:5s e-caprolactone and glycolide and 6% wAv drug solution. The second step resulted in - 170 
micrograms of total solid and - 60 micrograms of drug on the stent. Stents were coated again from the same second 
solution and an increment of 30 micrograms (a total of 200 micrograms) of total solid and an increment of 20 
micrograms of drug (a total of 80 micrograms) was observed. However when the dried stents were coated again with 
the same secono solution total weight gain of the solid and the drug remain same. 

Example 6 

rnn^ 3 ] ™ S Example describes applying a top coating to a coated stent with an ultrasonic spraying device 

[0044] A five percent by weight coating solution is made using 45:55 e-caprolactone and glycolide described in 

Example 1 in a solvent solution of TCE :Acetone (1:1, w/w) 

f 004 ?, «n nL h no^ raS ° niC Spray Unit is com P° sed of a SonoTek (New York, U.S.A.) broadband ultrasonic generator 
El rf 1 atta ? he u- ! u l n02Zle (m0del 05 - 0401 °) an oscillated at 6OKH2 to generate a mean droplet size of 31 
m crons. The power at which the system was operated was is 5.8 mWatts. -The flow rate was adjusted to about 0 3 
" ultrasonic spray system was placed in a plastic bag containment system to eliminate air currents and to 
sow evaporation. Stents woula be positioned 1.5-5 cm distance from the nozzle and had a dwell time in the spray 
cloud of about 15-40 seconds. 1 

l°n^ 6 j The St6nt W0Uld then be dried in ambient conditions for 18-24 hours and subsequently vacuum dried at 
60 c for 24 hours. Approximately, 1 00-1 50 micrograms of polymer was deposited per top coating run. A mandrel can be 
used to prevent coating the inside of the stent if desired. 

Example 7 

[0047] This Example describes the preparation of coated stents containing various levels of rapamycin for in 
vitro drug release testing. 

[0048] 0.06 gms of Rapamycin was dissolved into 0.8 gms of 15% CAP/GLY solution in 1 1 2 TCE The resultina 
Pvf^i s ° ,uto " contai ^ 3 3- 3% wA " drug on a dry, solid-only basis. Stents were coated by the method described in 
Example 1 and the coated stents were designated as 'Std 33%\ 

[0049] 0.015 gms of Rapamycin was dissolved into 0.5 gms of 18% CAP/GLY solution in 1,1 2 TCE The resulting 
coating solution contained 14.3% w/w drug on a dry, solid-only basis. Stents were coated by the method described in 
Example 1 and the coated stents were designated as '14%' 

[0050] 0.028 gms of rapamycin was dissolved into 0.5 gm of 18% CAP/GLY solution in 1 1 2 TCE The resultinq 
coating soiubon contained 23.7% w/w drug on a dry, solid-only basis. Stents were coated by the method described in 
txampie 1. The dip-coated stents were spray coated with polymer-only solution as described in Example 6 The final 
coated stents were designated as , 24-TC%" ' 
[0051] 0.028 gms of rapamycin was dissolved into 0.5 gm of 18% CAP/GLY solution in 1,1 2 TCE The resultinq 
coafcng solution contained 23.7% w/w drug on a dry, solid-only basis. Stents were coated by the method described in 
txampie 1. The dip-coated stents were spray coated with polymer-only solution as described in Example 6" However a 
•24- mc™TC%' m ' Cr0,,ters of spray solution was used in tnis case - The final coated stents were designated as 

[0052] 0.06 gms of rapamycin was dissolved into 0.8 gm of 15% CAP/GLY solution in 1 1 2 TCE The resulting 
coating solution contained 33.3% w/w. drug on a dry, solid-only basis. Stents were coated by the method described in 
txampie i. The dip-coated stents were spray coated twice with e-caprolactone-co-lactide (Cap/Lac) solution as 
described in Example 4. The final coated stents were designated as '33-TC%\ 

[0053] 0.06 gms of rapamycin was dissolved into 0.8 gm of 15% CAP/LAC solution in 1,1 2 TCE The resulting 
^coating solution contained 33.3% w/w drug on a dry, solid-only basis. Stents were coated by the method described in 
exampe 1. The dip-coated stents were spray coated twice with polymer-only solution as described in Example 6 
(except e-caprolactone-co-lactide was used as the copolymer). The final coated stents were designated as '33-C/L 

Example 8 

[0054] This example describes the results of testing the in vitro drug release of rapamycin from coated 
stent. Coated stents were prepared as described in Example 7 with varying concentrations of rapamycin were tested for 
J 1 *" 1 ™° release of rapamycin into an aqueous ethanol solution. As is indicated in Figure 7, the stents denoted 
by the diamonds nao a primer coating and a base coating that contained rapamycin. The total weight of the coating 
ana rapamycin on the each stent was approximately 450 ug and contained 33 percent by weight of rapamycin The 
coating was a copolymer of e-caprolactone-co-glycolide (45:55 mole percent) applied by dip coating. The squares 
represent data points for stents having a primer coating and a base coating containing rapamycin. The total weight 
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of the coating and drug was approximately 450 pg, which contained 14 percent by weight rapamycin. The coating 
material was also a copolymer of e-caprolactone-co-glycolide (45:55 mole percent) applied by dip coating. The 
triangles represent data points for stents that had a primer coating and a base coating containing rapamycin. A 
primer coating and base coating (e-caprolactone-co-glycolide 45:55 mole percent) were applied by dip coating the 
stent. A top coat of 200 pg (e-caprolactone-co-glycolide 45:55 mole percent) was then applied using an ultrasonic 
spray device. The total weight of the coating and rapamycin was 650-700 pg, which contained 24 percent by weight 
rapamycin. The Xs represent data points for stents that had a primer coat and a base coating containing rapamycin. 
The primer coating and base coating (e-caprolactone-co-glycolide 45:55 mole percent) were applied by dip coating the 
stent. A top coat of 100 ug (s-caprolactone-co-glycolide 45:55 mole percent) was then applied using an ultrasonic 
spray device. The total weight of the coating and rapamycin was 550-600 pg, which contained 24 percent by weight 
rapamycin. The asterisk represents data points for stents that was coated with a primer, a base coat and two top 
coats. The primer coating and base coating (e-caprolactone-co-glycolide 45:55 mole percent) were applied by dip 
coating the stents. A top coat of 100 pg (e-caprolactone-co-glycolide; 45:55 mole percent) was then applied using an 
ultrasonic spray device. The total weight of the coating and rapamycin was approximately 550 pg, which contained 33 
percent by weight rapamycin. The circles represent data points for stents that were dip coated with e-caproiactone-co- 
lactide (40:60 mole percent). The stents were then top coated with an ultrasonic spray with approximately 100 pg 
of e-caprolactone-co-lactide. The total coating weighed about 550 pg and contained 33 percent by weight rapamycin. 
[0055] Each stent was. placed in a 2.5mL of release medium (aqueous ethanol; 15 percent by volume at 
room temperature) contained in a 13 X 100 mm culture tube. The tube was shaken in a water bath (INNOVA™ 3100; 
New Brunswick Scientific) at 200 rpm - while maintaining ambient conditions. After a given time interval (ranging 
from!5 minutes to one day) the tubes were removed from the shaker and the respective stents carefully transferred to 
a fresh 2.5 ml Aliquot of release medium. The new tube was placed on the shaker and agitation resumed. A sample was 
removed from the aliquot, which had previously contained the stent and placed in a HPLC vial for determination of 
the rapamycin content by HPLC. 

[0056] The HPLC system used to analyze the samples was a Waters Alliance with a PDA 996. This system is 
equipped with a photodiode array detector. 20pL of each sample was withdrawn and analyzed on a C 18 -reverse phase 
column (Waters Symmetry™ Column: 4.6mm X 100mm RP 1Q 3.5 pm with a matching guard column) using a mobile 
phase consisting of acetonitrile/methanol/water (38:34:28 v/v) delivered at a flow rate of 1.2 mL/min. The column 
was maintained at 60°C through the analysis. Under these analytical conditions rapamycin had a retention time of 
4.75± 0.1 minutes. The concentration was determined from a standard curve of concentration versus response (area- 
under the curve) generated from rapamycin standards in the range of from 50ng/mL to 50pg/mL. 
[0057] The results from testing the coated stents described above is shown in Figure 7. 

Example 9 

[0058] The goal of this study was to assess the rate of release of rapamycin from polymer-coated stents 
Introduced in vivo into the coronary arteries of Yorkshire pigs. At various times after introduction of stents, the 
pigs were euthanized and the coronary arteries removed, the stents dissected free of the artery and analysed for 
rapamycin content using loading assay previously described. Through comparison with the amount of rapamycin 
contained on control, non-implanted stents, the in vivo rate of rapamycin release from the polymer coatings could be 
determined. 

Experimental Procedure: 

[0059] Male Yorkshire pigs weighing were used for these experiments. Animals were anesthetized with xylazine (2 
mg/kg, IM), ketamine (17mg/kg, IM) and atropine (0.02 mg/kg IM). Pigs were then intubated using standard procedure, 
and placed on flow-by oxygen with 1-2.5% volatile isoflurane for maintenance anesthesia via the endotracheal tube! 
Peripheral intravenous access was achieved by insertion of a 20 gauge Angiocath into the marginal ear vein; a 20 
gauge arterial catheter was also placed in the ear for continuous blood pressure and heart rate monitoring. 
[0060] To minimize the chance for clot formation at the stent site, animals were started on oral aspirin 325 mg 
per day three days prior to the planned procedure. Upon confirmation of adequate depth of anesthesia, the right 
inguinal region was shaved and sterilized, and sterilely draped. Aseptic technique was used throughout the remainder 
4 of the procedure. A linear incision parallel to the femoral vessels was made and the subcutaneous tissues dissected 
to the level of the artery. After adequate exposure, the femoral artery was isolated proximally with umbilical tape 
and distally with a 3.0 silk tie for hemostasis. Using surgical scissors, an arteriotomy was made, and an 8 Fr 
sheath inserted in the artery. Heparin 4,000 units and bretylium 75 mg were then administered intravenously after 
sheath insertion. Electrocardiogram, respiratory pattern, and hemodynamics were continuously monitored. 
[0061] A hockey stick guiding catheter was inserted via the femoral sheath, and advanced to the left coronary 
ostium, whereupon left coronary cineangiography was performed. A single frame anteroposterior radiogram was 
developed, and the luminal diameters of the left anterior descending and circumflex arteries measured, in order to 
size the balioon-stent assembly for a prespecified balloon-to-artery ratio of approximately 1.1 - 1.2:1. Using guide 
catheter support and fluoroscopic guidance, a 0.014" guidewire was advanced into the lumen of the left anterior 
descending artery. Intracoronary stenting was performed by advancing a stent mounted on a conventional angioplasty 
balloon into position in the mid-portion of the left anterior descending artery. The stent was deployed by inflating 
the mounting balloon to 8 atmospheres for 30 seconds. Upon confirmation of vessel patency, the balloon and guidewire 
were removed from the left anterior descending artery, and the identical procedure was performed in the left 
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^TaS. anerV ' UP ° n C0mpleti0n of stent delivef V in t" e le « °rcumflex artery, the balloon and guidewire were 

2!f 3 0 ,iik T , h ,!»,u» d f in9 h Cathe f an °' !f m ° ral arterial Sheath were then ,emoved - femoral a *ery tied proximally 
^JL^t? suture for hemostasis and the inguinal incision was closed. After discontinuation of anesthesia we e 
returned to colony housing. Daily aspirin 325 mg was continued until euthanasia anestnesia, were 

w 0631 ♦ „ »! - ar ' 0U ! timeS after stent im P lan tati°n. euthanasia was performed by overdose of pentobarbital 

It ' V t H n f Ch6 f W3S ° pened ™ 3 mid - Sternal incision and the heart removad - Both the L^D and LCX S 
fl Tho S rt 6 , d J fee ° f su : rou "°*"9 tissue. The stent was then dissected free of the arterial tissue and placed Ph 
a vial. The artenal tissue was frozen and stored for later analysis by HP" C 

SI3U£C^J!^ a ^ /n Wvo release curve ,or a stent coatin9 cM ° of 33% ra « m 

Example 10 

rnn«f! 2? EXample describes ,he " """''testing of coated stents in a porcine coronary artery model 
[0066] This preliminary study was conducted to assess the ability of rapamycin released from e-caorolactone-co 
iS? 6 c °P o| y mer : coated stents to inhibit intimal hyperplasia in vivo. Fourteen days ^ecSS^n 
oaded or control polymer coated stents, the male Yorkshire pigs were euthanized and the corona^ ^ Trtenerremoved" 
contrd for H h,s : ol °9 i «' Nation and analysed for the amount of intimal growt? Throug comparSi 

[0067] Ethylene oxide-sterilized Palmaz-Schatz stents were implanted under sterile conditions in anesthetized 
™ ™? * e '9 h ' n ? » ^ 48 kg. Twenty-four hours prior to stent implantation, animals were given aspirin mo 
canting Tl T^J™. m9 ' P °" qd) t0 contro1 chronic thrombosis; both aspirin and ficffin were 
continued daily until sacrifice. Anesthesia was induced with ketamine (20 mg/kg i m ) xyiazine (2 mo/ko i m ) and 
sodium pentobarbital (10 mg/kg as needed) and maintained on 1-2% isofluorane in oxygen ?™8 F sheath wa Uced 
^Lthpt aS f pbca "y '^ated left carotid artery and used subsequently to conducY either an 8 Fr JL 3 5 auide 
™nL cor °nary ang,ography or to place a 0.014 inch guidewire for balloon delivery of stents to he 
fZT^T^ art6neS - Heparin 050 Unit/k9) Was ad ™«tered ^procedurally to prevent acute thfomboste 
^^^ZH^n^ 1) meta ' ste nt control, 2) metal stent coated with 45/55 (w/w) E -capXto e 
giycouae copolymer (CAP/GLY), 3) 32 pg rapamycm/stent formuated in CAP/GLY' 4) 166 ua raoamvcin/stpnt 
formu ated in CAP/GLY. Stents were deployed in both the LAD and LCX corona^ arteries. Angiography's pXned 
4 0 mm! Z"t a " d . ,mmed ' atelv after «*<*»0 to both size the vessel for choice of balloon dSK^iO 3st 
tt k ° obtaln o m easurements for determination of the balloon/artery ratio. Stents were deployed bv inflatina 

fin,i u t«TH all0 ° ( n t0 r 8 " 10 A ™ f ° r 30 S6C An 3 i0 9^P"y was also performed at 14 days S ^jS J S S 
w« hfnn h f t6 i Traatment 9f°ups were randomized and individual stents were implanted by a investioaton To 
was bl nded as to the treatment. However, only one treatment was employed in any given pi Fourth davs afE 

JS^hTSJ^'S^ VeSSe ' S ^ PerfUSi0 " f ° r 10 minUteS at loVmmHgUTo^Sntd 
[0068] For histological assessment, the stented vessel was embedded in glycol methacrylate Four 3 - 5 um thick 

ESS Vr^T^ 0ng ° f thS StGnt W6re P ,3Ced ° n Siass slides and prepa ed 2 

Miners Hastin stain. Htstomorphometnc measurements were determined in each section via microscoov and 

^Tnfn^ ,ma9 \ an K alvsis - lndividual values obtained for each vessel represent the averag of 4 measured 
sections. Differences between treatments were assessed by ANOVA and Dunnett's test. measured 



Treatment 



Metal Control (n=10) 



CAP/GLY (n=8) 



CAP/GLY ± 32 pg rapamycin 
(n=10) 



CAP/GLY ± 166 pg rapamycin 
(n=8) 



1 ap<0.05 from CAP/GLY 
2 ap<0.05 from Metal Control 



Table 1. 



Histology 



Intima/Med ia 
ratio 



0.90 ± 0.05 



0.91 ±0.11 



0.75 ±0.04 



0.65±0.04 V2 a 



Intimal Area 
(mm 2 3) 



3.65 ±0.82 



4.15 ±0.23 



3.27 ± + 0.16 



2.87 ±0.31 



Angiography 



% Diameter 
Stenosis 



24.8 ±3.9^3 



38.0 ± 4.0 



21.6±3.6 1 a 



23.9 ± 2.3 1 a 



B/A Ratio 



1.27 ± 
0.05 



1.32 ± 
0.04 



1.23 ± 
0.03 



1.27 ±. 
0.05 



All values are mean±sem. B/A ratio = balloon to artery ratio, an index of the consistency of stent expansion from 
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group to group 

r0069] As can be seen in Table 1, local delivery of rapamycin to injured coronary arteries resulted in a 
sionificant (p<0.05) reduction in intima:media ratio in the 166 pg treatment group and a small but non-significant 
reduction in the 32 pg treatment group when compared with the polymer and bare metal control groups. Rapamycin 
delivered from the GAP/GLY coating also resulted in non-significant dose-related decreases in neo.ntimal area in 
both the 32 pg and 166 pg treatment groups. The percent diameter stenosis as assessed by angiography was also 
Snificantiy reduced in the 2 rapamycin treatment groups when compared to the CAP GLY group although the 
reduction in this parameter from the metal control was small and non-significant Never-the^ess in th« 
preliminary 14 day study, these data suggest that local release of rapamycin from a biodegradable hydrophobic polymer, 
coating may be capable of limiting the amount of neointimal proliferation which occurs as a result of stent deployment. 

Example 1 1 

[0070] In the glove box 100 pL (33 pmol) of a 0.33 M stannous octoate solution in toluene. 115 pL (1.2 mmol) of 
Methylene glycol, 24.6 grams (170 mmol) of L-lactide, and 45.7 grams (400 mmol) of E-caprolactone were transferred 
into a silanized. flame dried, two neck, 250 mL round bottom flask equipped with a stainless sted ^ mechanical 
stirrer and a ni rogen gas blanket. The reaction flask was placed in an oil bath already set at 190 C and he d 
there Meanwhile, in the glove box, 62.0 grams (430 mmol) L-lactide were transferred .nto a flame dried, pressure 
equalizing addition funnel. The funnel was wrapped with heat tape and attached to the second neck of the reaction 
Lsk Attlr 6 hours at 190°C, the molten L-lactide was added to the reaction flask over 5 minutes The reaction was 
continued overnight for a total reaction time of 24 hours at 190'C. The reaction was allowed to cool to room 
temperature overnight. The copolymer was isolated from the reaction flask by freezing ,n hquid nrtrogen and 
20 breaking the glass. Any remaining glass fragments were removed from the copolymer using a bench grinder The 
copolymer was again frozen with liquid nitrogen and broken off the mechanical stirring paddle. The copolymer was 
ground into a tared glass jar using a Wiley Mill and allowed to warm to room temperature in a ^7 w f 3 
103 13 grams of 40-60 poly(e-caprolactone-co-L-lactide) were added to a tared aluminum pan and then devoUteed 
under vacuum at 1 10'C for 54 hours. 98.7 grams (95.7% by weight) of copolymer were recovered after devolitilization. 
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Claims 

1. A method for coating a stent having an outer surface and inner surface with passages between the outer and inner 
surfaces comprising: 

(a) contacting the stent with a liquid coating solution containing a film forming biocompatible polymer 
under conditi6ns suitable to allow the film forming biocompatible polymer to coat at least one surface of 
the stent; 

(b) before the coating solution dries creating fluid movement out of the passages of the stent sufficient to 
prevent the film forming biocompatible polymer from substantially blocking said passages thereafter; 

35 (c ) dryjng the s t er ,t to provide at least a partially coated stent with a first coating. 

2. The method of claim 1 wherein the stent is contacted with the coating solution by dipping the stent into the , 
coating solution or by spraying the coating solution on to the stent. 

40 3. The method of claim 1 or claim 2 wherein fluid movement is created: by contacting a mandrel with the inner 
surface of the stent and moving the mandrel relative to the stent to prevent bridges from forming in said 
passages; or by contacting the outer surface of the stent with the inner surface of a tube and moving the tube 
relative to the stent to prevent bridges from forming in said passages. 

45 4. The method of any of claims 1 to 3 wherein the film forming biocompatible polymer is an aliphatic polyester, a 
45 poly(amino acid), a copoly(ether-es.er), a polyalkylene oxalate, a polyam.de, a PoW'^a*™ate) a 

polyorthoester, a polyoxaester, a polyamidoester, a polyoxaester containing amido groups, a poly(anhydride), a 

polyphosphazene, a biomolecule or a blend thereof. 

5. The method of claim 4 wherein the film forming polymer is a biocompatible aliphatic polyester, which is 
50 preferably elastomeric. 

6. The method of claim 5 wherein the biocompatible aliphatic polyester is an elastomeric copolymer of 

and glycolide, an elastomeric copolymer of s-caprolactone and lactide, an elastomer.? copolymer of P^oxanone 
and lactide, an elastomeric copo^mer of s-caprolactone and p-dioxanone, an elastomeric copolymer of P£»anone 
and trimethylene carbonate, an elastomeric copolymer of trimethylene carbonate and glycolide, an elastomeric 
55 copolymer of trimethylene carbonate and lactide or blend thereof. 

7. The method of any one of claims 1 to 6 wherein additionally contained in the coating solution is a 
pharmaceutically active compound. 
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J m f Where,n me P harma ceutically active compound is: an antiproliferative/antimitotic agent 

I nti^K T : 3 k 6nZyme: 30 ■ anti P rol ^rative/antimitotic alkylating agent; an antiproliferative/antimrtotic 
L ^ f 3 hormone: an anticoaglant; a fibrinolytic agent; an antiplatelet agent an antimigratory agent 
an antisecretory agent; an antiinflammatory agent; an immunosuppressive agent; an angiogenic agent; a nitric 
oxide donor; an anti-sense oligonucleotide or a combination thereof, and is preferably rapamycin. 

9. The method of any one of claims 1 to 8, wherein additionally present is a biocompatble hydrophilic polymer. 

10. The method of any one of claims 1 to 9 wherein after the stent is dried a second coating is applied. 
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FIG. 3 
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FIG. 5 
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FIG. 8 
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(54) Process for coating stents 



(57) A process is provided for coating stents 

having a first and second surface with passages there 
between to avoid blockage and bridging of the passages. 
The process comprises contacting the stent with a liquid 
coating solution containing a film forming biocompatible 



polymer under conditions suitable to allow the film 
forming biocompatible polymer to coat at least one 
surface of the stent while maintaining a fluid flow through 
said passages sufficient prevent the film forming 
biocompatible polymer from substantially blocking said 
passages. Also described are stents coated by this 
process. 



CO 
< 



o 



LU 



EP 0970711 -1- 



EP 0 970 711 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 5134 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages . 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION <lnt.CI.7) 


Y 


WO 97 37617 A (JAYARAMAN SWAMINATHAN) 
16 October 1997 (1997-10-16) 

* abstract * 

* page 10 - page 11 * 

* page 13 * 

* page 15 * 

* page 16 * 

* page 18; claims * 


1-6,9,10 


A61L31/16 
A61L31/14 
A61L31/10 
A61L33/16 
AfiT 1 4 

HD 1 LJJ/ 1 *t 

A61L33/10 


A 

A 


Lin Q7 inmi fl KPHNFTHFR USA INC) 
20 March 1997 (1997-03-20) 

* page 3, Une 19-26 * 

* page 6, Une 6-20 * 

* page 7, line 5-11 * 

* page 17, line 1-9 * 

* page 21, line 2-8 * 


1,2,7,8 




A 


US 5 534 287 A (LUKIC GORAN) 
9 July 1996 (1996-07-09) 
♦column 1, line 10-22 * 

* column 2 * . 

* column 3, line 42 - column 4, line 39 * 

US 5 700 583 A ( JAMI0LKOWSKI DENNIS D ET 
AL) 23 December 1997 (1997-12-23) 

* abstract * 

* column 2, line 13-20 * 

* column 7 - column 9 * 


1-3 








TECHNICAL FIELDS 
SEARCHED (lnLCL7) 


A,D 


1,2,4-9 


A61L 


A 


EP 0 832 655 A (SCHNEIDER USA INC) 
1 April 1998 (1998-04-01) 

* abstract * 

* page 1 , 1 ine 24-33 * 

* page 4, line 19-34,58 * 

* column 5, line 1,37-42 * 

* column 6, line 39-45 * 

* column 7, line 1-13 * 

* column 10, line 48-56 * 


1,2,7-10 




The present search report has been drawn up tor all claims 







Ptaoa d search 



THE HAGUE 



Dale ol ocmpMion of the sear oh 

15 November 2000 



Bohm, I 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant II taken alono 

Y : particularly relevant II combined with another 

document o» the same category 
A : technological background 
O : non-writlen disclosure 
P : Intermediate document 



T : theory or prwKiple underlying the Invention 
£ : earlier patent document, but published on. or 

after the filing dale . 
D : document caed m the application 
L : document cied tor other reasons 

A : member of Ihe same patent family, corresponding 
document 



EP 0 970 711 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 99 30 5134 



This annex lists me patent family members relating to the patent documents dted in the above-mentioned European search report 
The members are as contained in the European Patent Olfice EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given tor the purpose of Information. 

15-11-2000 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



WO 9737617 



16-10-1997 



W0 9710011 



20-03-1997 



US 5534287 



09-07-1996 



US 5700583 



23-12-1997 



US 
US 
AU 
CA 
EP 
US 
US 
US 



5725548 
5713949 
2728097 
2250954 
1006938 
5755781 
5895407 
5922393 



10-03- 
03-02- 
29-10- 
16-10- 
14-06- 
26-05- 
20-04- 
13-07- 



•1998 
1998 
1997 
1997 
2000 
1998 
1999 
1999 . 



US 


5837313 A 


17-11-1998 


AU 


703805 B 


01-04-1999 


AU 


6965296 A 


01-04-1997 


BR 


9610607 A 


04-05-1999 


EP 


1019107 A 


19-07-2000 


JP 


11500047 T 


06-01-1999 


NO 


981066 A 


08-05-1998 


US 


6120536 A 


19-09-2000 


EP 


0621015 A 


26-10-1994 


AT 


164056 T 


15-04-1998 


CA 


2114891 A,C 


24-10-1994 


CA 


2205533 A 


24-10-1994 


CA 


2206709 A 


24-10-1994 


CA 


2206712 A 


24-10-1994 


CA 


2255476 A 


24-10-1994 


DE 


69317548 0 


23-04-1998 


DE 


69317548 T 


13-08-1998 


DK 


621015 T 


21-12-1998 


ES 


2114964 T 


16-06-1998 


JP 


2914420 B 


28-06-1999 


JP 


7000529 A 


06-01-1995 


US 


5648088 A 


15-07-1997 


us 


5595751 A 


21-01-1997 


us 


5464929 A 


07-11-1995 


EP 


0841361 A. 


13-05-1998 


JP 


10158377 A 


16-06-1998 


US 


5844017 A 


01-12-1998 


AU 


720550 B 


01-06-2000 


AU . 


7053496 A 


15-05-1997 


CA 


2189520 A 


07-05-1997 


EP 


0771832 A 


07-05-1997 


JP 


9194579 A 


"29-07-1997 


US 


5620698 A 


15-04-1997 


EP 


0771849 A 


07-05-1997 


US 


5607687 A 


04-03-1997 



For more details about this annex : see Official Journal of .the European Patent Office, No. 12/82 



EP 0 970 711 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 30 5134 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

15-11-2000 



Patent document 
cited in search report 



Publication 
date 





Patent family 




Publication 




members) 




date 


US 


5618552 


A 


08-04-1997 


AU 


712863 


B 


18-11-1999 


AU 


4569796 


A 


19-09-1996 


BR 


9600893 


A 


30-12-1997 


CA 


2170941 


A 


07-09-1996 


EP 


0731123 


A 


11-09-1996 


JP 


8333443 


A 


17-12-1996 


US 


6100346 


A 


08-08-2000 


US 


5597579 


A 


28-01-1997 


us 


5645850 


A 


08-07-1997 


us 


5698213 


A 


16-12-1997 


us 


5962023 


A 


05-10-1999 


us 


5859150 


A 


12-01-1999 


us 


6120536 


A 


19-09-2000 


CA 


2207659 A 


13-12-1997 


JP 


10052502 


A 


24-02-1998 


us 


6099562 A 


08-08-2000 



US 5700583 



EP 0832655 



01-04-1998 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



THIS PAGE BLANK (usptoj 



